Abstract
Introduction
The introduction of universal health insurance coverage aims to provide equal accessibility and affordability of health care, but whether such a policy eliminates health inequalities has not been conclusively determined. This research aims to examine the healthcare outcomes of oral cancer and determine whether the universal coverage system in Taiwan has reduced health inequality.
Methods
Linking the databases of the National Cancer Registry with the National Mortality Registry in Taiwan, we stratified patients with oral squamous cell carcinoma by gender and income to estimate the incidence rate, cumulative incidence rate aged from 20 to 79 (CIR20-79), life expectancy, and expected years of life lost (EYLL). The difficulties with asymmetries and short follow-up periods were resolved through applying survival analysis extrapolation methods.
Results
While all people showed a general improvement in life expectancy after the introduction of the NHI, the estimated change in EYLL's of the high-, middle-, and low-income female patients were found to have +0.3, -0.5 and -7 years of EYLL, respectively, indicating a reduction in health inequality. Improvements for the male patients were unremarkable. There was no drop in the CIR20-79 of oral cancer in disadvantaged groups as in those with higher incomes.
Conclusions
Universal coverage alone may not reduce health inequality across different income groups for oral cancer unless effective preventive measures are implemented for economically disadvantaged regions. PLOS 
Introduction
Regardless of measurements of economic prosperity and health outcomes, health inequalities still exist among different geographic and economic groups in both developed and developing economies [1, 2] . Healthcare provisions should thus be designed to improve the health of a population and their living conditions, irrespective of geographical location or economic resources. A lack of health insurance is frequently viewed as the main reason for increased morbidity and mortality in populations, and is also blamed for widening gaps in health inequality. The introduction of universal health insurance coverage aims to provide equal accessibility and affordability of health care, but whether such a policy eliminates health inequalities has not been conclusively determined. Some studies have shown that a universal coverage system could reduce economic health disparities [3, 4] , while others have indicated that these reductions are only of limited extent or even resulted in the opposite effect after the implementation of an NHI (National Health Insurance) system [5] [6] [7] [8] . However, most of these studies have limited their definitions of the related health measures to mortality or life expectancy. Public-health efforts, such as sanitation and vaccination, medical care, and economic growth improved the life expectancy in Taiwan over the period of 1990-2007 for not only oral cancer patients but also the healthy/general population. The estimation of life expectancy for patients in the literature was generally limited due to insufficient follow-up periods. However, there are methods that apply the extrapolation of survival curves in order to estimate the life expectancy and expected years of life lost (EYLL) in patients with major cancers, which usually follow a constant excess hazard after the initial period of treatment and 5-10 years of followup [9] [10] [11] . The survival curve of a cohort with a specific cancer can thus be estimated through the Kaplan-Meier method up to the end of follow-up, and the life expectancy can then be extrapolated using a semi-parametric method with good accuracy [12] . This estimation method has been designed to solve the difficulties related to the high-censored rates seen with most chronic diseases [13] .
Taiwan introduced its universal NHI system in1995, and the implementation has become an important learning model for any country that plans to revamp or redistribute its healthcare services and medical insurance system. Despite the universal coverage that is offered, rural residents tend to have lower rates of NHI utilization than those living in cities, and thus health disparities may still exist between these groups [6] .
Previous works have revealed that while Taiwan's NHI has increased the utilization of health services, it has only reduced health disparities related to life expectancy to a limited extent [6, 8, 14] . This study thus aims to measure health inequality with regard to outcomes, for which we abstracted data collected in the cancer registry for patients diagnosed with oral squamous cell carcinoma. We chose this disease because the World Health Organization (WHO) has stated that cancer has now reached epidemic proportions, with more than 70% of all cancer deaths occurring in low and middle income groups. Based on statistics for cancer incidence rates collected by the Taiwan Cancer Registry over the last decade, the leading five cancers for males in Taiwan are, in order, liver cancer, lung cancer, colon-rectal cancer, oral cancer, and stomach cancer [15] . Income data can be used to capture the health disparities in cancer epidemiology [16] , and oral squamous cell carcinoma is primarily associated with chewing betel quid among males of the lower income population, a disease that has become more widespread throughout Taiwan [17] [18] [19] .
By analyzing national datasets and linking them together, this study aims to examine whether the universal coverage provided by Taiwan's NHI actually reduces health inequities with regard to oral cancer. In brief, we offer new evidence in the following aspects: First, our outcome measures include both life expectancy and EYLL, and thus permit us to examine the health benefits after accounting for age at diagnosis and/or lead time bias. Second, this study is among the first to examine how differences in gender as well as income, classified by residential area, impact the treatment effects related to universal health insurance. Moreover, the use of area of residence to represent socio-economic status has been recognized as a valid way to study inequalities in cancer incidence [16] . Third, we determined the lifelong risk, i.e., from age 20 to 79, of oral squamous cell carcinoma to pave the way for future cost-effectiveness analyses intended to prevent and improve health disparities in this context.
Methods

Primary data
The primary data were collected from the Taiwan Cancer Registry. The diagnostic criteria for oral squamous cell carcinoma were based on the Classification of Diseases for Oncology, Field Trial Edition [20] .
Time period
Although the Taiwan Cancer Registry started in 1979, the data became more complete after 1990. The exclusion of data from 1995-1997was to avoid potential confounding factors due to the lack of comprehensiveness in data collection when the NHI system was first implemented in April of 1995. The study periods included the periods of 1990-1994, representing the phase before the introduction of the NHI, and 1998-2007, representing the phase after its implementation. Although the observed periods are asymmetric, the difficulties with asymmetries and short follow-up periods were resolved through applying survival analysis extrapolation methods, as mentioned above. Because the Taiwan Cancer Registry records patients according to the places in which they reside, this research ranks the population according to household disposable income and classifies them into high, middle, and low income classes. Areas of residence were ranked according to the Survey of Family Income and Expenditure in Taiwan [21] .
Extrapolation of long-term survival and estimation of life expectancy
Previous research has documented the validity of this semi-parametric extrapolation of longterm survival and estimation of life expectancy for cancers of 17 different organ-systems, including oral cancer [12] . A recent review conducted by the Medical Research Council of the U.K. on fitting different extrapolation models for survival research also approved this method [13] . In brief, we classified the survival status of all cases through cross-linkage with the National Mortality Registry in Taiwan to the end of the follow-up periods, December 31, 1994, and December 31, 2009, representing the periods before and after the introduction of the NHI. The Kaplan-Meier method was used to estimate the survival curve based on follow-up data from the periods 1990-1994 and 1998-2007. Simultaneously, we applied the Monte Carlo method to the national vital statistics to generate the lifetime survival curve of the age-and gender-matched reference population. Incorporating the lifetime survival curve of the age-, sex, and calendar year-matched referents, we extrapolated the survival curve of the index population to lifetime under the assumption of constant excess hazard [10] , which generally holds for diseases causing premature mortality, especially among cancer cohorts [12] . Then, we summed up the total area under the lifetime survival curve to obtain the life expectancy.
Expected years of life lost
The difference between the life expectancies of patients and their age-, sex, and calendar yearmatched referents was the expected years of life lost (EYLL) related to oral squamous cell carcinoma. To extrapolate the long-term survival curve and calculate the life expectancy of the focal cohort, we conducted not only a logit transformation for the survival ratios of both the cancer cohort and reference population, but also a linear regression to estimate the slope for extrapolation [9, 10] . This research further used a bootstrap method to conduct 100 repeated random samplings of the cancer cohort to estimate the mean and standard error by using the iSQoL software program (integrating survival with quality of life), which can be freely downloaded (www.stat.sinica.edu.tw/jshwang).
Estimation of cumulated incidence rate 20-79 (CIR 20-79 )
The 10-year average incidence rate was defined as the number of patients with oral squamous cell carcinoma divided by the population with the same age, gender, and income in the year of diagnosis. Accumulating the 10-year incidence rates (IR) over the ages of 20-79 years, we obtained the CIR 20-79 through the following formula:
where IRi is the age-specific incidence rate for the stratum i, Δt i = 10. This represents a person's lifetime (from age 20 to 79) probability of developing oral squamous cell carcinoma, if s/ he has not died of other diseases. Thus, it can be interpreted as a lifetime risk.
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The funders had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript with the registered number of 201006061R approved by the Research Ethics Committee of National Taiwan University Hospital, and this study was fully ratified in the 6 th meeting of the Research Ethics Committee of National Taiwan University Hospital on July 2, 2010. On 6 th July, 2017, our named ethics committee specifically approved this study. Table 1 summarizes the demographic characteristics of patients with oral squamous cell carcinoma. Although the average ages at diagnosis appear similar among males in different income groups, the female patients in the low-income group were generally diagnosed at older ages, both before and after the introduction of the NHI. The censored rates of follow-up were lower in low income areas both before and after the establishment of the NHI. Those of male patients, however, were similar among different income groups before and after NHI implementation. Before the implementation of the NHI, the diagnosed cases for male patients in high, middle, and low income groups in order were 175, 146, and 208; for female patients in high, middle, and low income groups in order were 1496, 1341, and 2370. After the implementation of the NHI, the diagnosed cases for male patients in high, middle, and low income groups in order were 834, 827, and 1172; for female patients in high, middle, and low income groups in order were 9023, 9959, and 15526. The implementation of the NHI increased the diagnosed cases among different income groups because universal coverage increased the affordability of health care.
Results
Accessibility of health care results in limited improvements in health inequality
Validity of estimation results
Through logit transformation of the survival ratios of patients with oral cancer and age-and gender-matched referents, we found that all of the transformation converge to stable slopes, as shown in Figs 1 and 2 . The trends on the diagnostic plots reveal that all cohorts of patients with oral squamous cell carcinoma in different classes follow a constant excess hazard at the end of five and 12 years of follow-up, before and after the implementation of the NHI. The estimation results are thus valid.
EYLLs accurately assess health inequality
Fig 3 shows the estimated survival curves for all three groups stratified by gender, before versus after the implementation of the NHI. Table 2 shows that the life expectancies of all patients with oral cancer improved after the introduction of the NHI. Before implementation of the NHI, female patients in the high-, middle-, and low-income groups had life expectancies of 14.9, 13, and 4.6 years, respectively, which corresponded with 8.4, 10.7, and 17.0 years of EYLL after adjustment for age at diagnosis. After the NHI was introduced, the estimated EYLL's became 8.7, 10.2, and 10.0 years for the high, middle, and low-income groups. Although the high-income females still had the advantage of the smallest loss of life expectancy, the lowincome group showed a 7.0 (= 17.0-10.0) year reduction in health inequality. Table 2 further compares the EYLLs of the middle and low income oral cancer patients to those of high income patients before and after NHI through Z tests. Before the implementation of NHI, the EYLLs of low income female patients were significantly greater than those of the high income female patients by 8.6 years. The standard error of mean (SEM) for EYLL was computed through boot-trap method. Since the life expectancy of the simulated age-, sex-, and calendaryear matched referents was based on national life tables, its SEM was generally very small. Thus, the SEM of EYLL was mainly decided by the SEM (and sample size) of the index cohort, as summarized in the Table 2 . Therefore, the test is valid and reproducible. Regardless of income rank, male patients with oral cancer had almost the same life expectancies of 6.5 and 12-13 years, respectively, before and after the introduction of the NHI, which corresponded to 13 and 14 years of EYLL before and after the NHI (Table 2 and Fig 3) . This indicated no or less disparity among male patients for the different levels of income. However, introducing the NHI improved the life expectancies of all male patients by about 5.3-6.5 years, which corresponded to a reduction in EYLL of about 2.6-3.9 years. Moreover, male patients in the low-ranked income group had the highest EYLL among all male patients after the NHI was introduced. Based on the trends of cumulated incidence rates (CIR ), Fig 4 shows that the lowincome groups in Taiwan suffered a persistent high risk of oral squamous cell carcinoma, and the gap between the income groups increased after 2003-4. The low-income groups, and especially the male population, were more likely than the high-and middle-income populations to have a higher incidence of oral cancer, as has been previously reported [17, 19] .
Only low-income females show a tremendous improvement in EYLL
Life expectancy showed general improvement after the introduction of the NHI. This was not only seen in oral cancer patients but also to the healthy/general population during the study periods. Based on the data of vital statistics from the Ministry of Interior in Taiwan, improvements in health care through the introduction of a NHI system, was reflected in the life expectancy of the general population at birth, which increased from 74 years in 1990 (before NHI) to 78.38 years in 2007 (after NHI). To control the different age, sex, and calendar year of occurrence of oral cancer, we simulated age-, sex-, and calendar year-matched referents for every new case of oral cancer from the vital statistics of Taiwan. Namely, we had a control group composed of age-, sex-, and calendar year-matched referents simulated from the life tables of the general population of Taiwan. And the expected years of life lost (EYLLs) was calculated from the difference between the oral cancer cohort and the age-, sex-, and calendar year- Universal health insurance and health inequality matched referents, which actively adjusted for the different life expectancy of each case according to his/her age, sex, and calendar year of diagnosis.
To clarify the concept of EYLL, Fig 5 shows the potential gains of low income females by comparing the difference in EYLLs for oral cancers diagnosed before NHI versus after NHI. Because the EYLL was adjusted for different ages and calendar years at diagnosis, the difference in EYLLs would also be adjusted for such confounders. According to Table 2 , the difference in EYLLs before and after NHI would be 17-10 = 7 years. 
Discussion
Link between accessibility and health improvement Table 2 shows that the implementation of the NHI in Taiwan has been accompanied by improved life expectancy for all patients with oral cancer. Surprisingly, the EYLL of lowincome female patients improved the most, whereas those of male patients decreased similarly among all income groups. Moreover, the dynamic changes in CIR shown in Fig 4 reveal a persistently high oral cancer risk among low income males and females, while both middle and high income groups faced less risk after 2003, when the Health Promotion Administration launched a national smoking cessation program [22] . These findings can be supported by the following arguments: First, we applied a novel method to extrapolate the lifetime survival curve, the accuracy of which has been validated by demonstrating the existence of a constant excess hazard (Figs 1 and 2) . Second, instead of directly comparing life expectancies for three income groups, we estimated the EYLL by subtracting the life expectancy of the cancer cohort from the age-and sex-matched referents generated from the hazard functions of the national life tables. Through such a difference-in-differences design, our comparison was adjusted for different age distributions and/or possible lead time biases among the three groups [23, 24] . Third, we calculated the CIR 20-79 for comparison of lifetime risks among the three groups. Since this indicator inherently adjusts for different age distributions [25] , the direct comparison of trends over time is also valid. We thus tentatively conclude that the health effects from universal coverage do not spread equally across different income classes, and such a system may not necessarily reduce the occurrence rate of oral cancer if no deliberate inclusion and promotion of effective prevention programs are simultaneously implemented. Our findings suggest that the NHI in Taiwan has positively affected healthcare utilization, although with only limited or partial success with regard to reducing health inequalities. The reduction in health inequality is mainly noticeable among low-income female patients, although it should be noted that increasing healthcare accessibility did improve the life expectancy for all patients with oral squamous cell carcinoma. After implementation of the NHI, the numbers of both male and female cancer patients apparently increased (Table 1) , since all citizens are now entitled to healthcare with no co-payment for services directly related to cancer. Before NHI, patients might have been hesitant to accept a cancer diagnoses, due to the cost of treatment, and thus might not have been included in the Taiwan Cancer Registry. After NHI, more people accepted diagnosis and treatment due to the cut in financial burden, which contributed to the increased number of oral cancer patients. However, an increased number of diagnosed cases cannot be ruled out because there was no obvious reduction in people's habits of betel quid chewing throughout the years of observation.
As Tables 1 and 2 show, low-income male patients presented a higher increase in diagnosed cases of oral cancer, compared to middle-and high-income male patients, but a lower reduction in EYLL. This suggests that increased accessibility to healthcare services may not lead to optimal outcomes for all health equality measures in NHI programs. Indeed, using a sample of adults with cancers in the U.K. during the period of 1996-2006, one study found that survival improved for most cancers after the implementation of the Cancer Plan, but inequalities with regard to survival were still prevalent for many other cancers [26] . Accordingly, using two samples of elderly people from two countries, Germany and the United States, with a very low and significant proportion of the populations not covered by health insurance, health inequalities were observed among the elderly in both nations [7] . Therefore, access to health care might not be the only crucial factor by which to explain such inequalities.
Incidence rates are associated with poverty
Although this study found that the life expectancy of patients improved after the implementation of the NHI, those residing in low income areas continued to experience the greatest burden or lifetime risk for oral squamous cell carcinoma, as Fig 4 shows, and this is especially true for males patients. The health burden or impact is not only associated with the consequence of the disease, as presented by EYLL, but also with the likelihood of developing oral cancer, as presented by the lifetime cumulative incidence rate. While the gaps in EYLL between low-and middle-or high-income patients became smaller, possibly because of the universal coverage offered by the NHI (Table 2) , those of lifetime risks persisted or even widened (Fig 2) . Although complex and interrelated factors contribute to the observed disparities in the incidence of oral squamous cell carcinoma, the most noticeable factor is associated with low economic status. Because individuals from low income areas have a much higher prevalence of betel quid chewing [17] [18] [19] , we expect oral cancer may continue to rise in these counties and townships unless appropriate preventive actions and healthcare services can be effectively applied to address this population.
Monitoring incidence trends can help evaluate progress in cancer control and reinforce prevention activities. Fig 2 shows that males had a higher prevalence of oral cancer in all incomes groups when compared to females. The high proportion of cancer among males might be due to higher prevalence of alcohol consumption, cigarette smoking, and betel quid chewing [18] . The trends of incidence rates for all oral cancer cases increased over the early 1990's. In contrast, those of the high-income group fell after 1999-2000, while those of both genders increased for low-income populations. The variations in the incidence rates among male and female populations were possibly due to the differences in cultural factors related to betel quid chewing. Annual decreases in the incidence rates among all males and females in 2007 demonstrate the most notable change in this trend. The Department of Health in Taiwan began to promote early detection for all cancers in 2003, as well as encourage smoking cessation [22] , which possibly led to the decreases in incidence rates of oral cancer seen in Fig 4. However, the dynamic changes of CIR in females from the low economic and demographic group do not show the same downward trend as those of the high and middle groups after 2003-4. This implies that the related promotion programs did not effectively reach the people in this community. Moreover, lower income status might be an additional risk factor for poor oral hygiene, thereby further increasing the risk of oral cancer among the disadvantaged females. Because early detection and effective treatment has been shown to prevent at least one third of all cancers worldwide, including oral cancer [27] , we recommend continued efforts be made on prevention and monitoring of incidence rates.
Possible factors of health inequality
One previous literature reported low income as an independent risk factor for cancer epidemiology [16] . Our study corroborates the finding by showing that increased lifetime risk of oral cancer appears to be associated with poorer groups, even with universal healthcare coverage. The International Agency for Research on Cancer has found that cigarette smoking, betel quid chewing, and alcohol consumption clearly relate to the development of oral cancer [28] . In particular, chewing betel quid is closely associated with oral cancer in Taiwan, India, Thailand, and Pakistan [29] . This habit is also more prevalent among low income men and women in Taiwan, which reveals a possible causal association between betel quid chewing and oral cancer among the economically disadvantaged population. According to the serial data collected from the national health surveys of Taiwan, betel quid chewing rates of people living in high-, middle-, and low-income areas during the last decade were as follows This behavior is consistent with findings reported in China and Malaysia [30] . We suspect that the related public health education efforts in Taiwan may not have effectively reached more economically disadvantaged groups, and thus recommend more work be undertaken to reduce betel quid chewing rates in this community [31] .
Conclusions
Based on individual income and area of residence, our research results indicate that the implementation of the NHI has reduced related health inequalities by only a limited extent. Although universal coverage may improve the accessibility and quality of care, as indicated by the reduction in the difference in EYLL among different income groups (Table 2 and Fig 3) , it has not reduced the occurrence of new cases of oral cancer in the low-income group, as found in this study (Fig 4) . Life-long risk of oral squamous cell carcinoma (OSCC) depends on awareness and change of health behavior. These results highlight the need for improving the health literacy and behavior among poorer populations in order to reduce the incidence of oral cancer. Thus, the Taiwan government should invest more on prevention services to tackle this problem of health inequality. 
